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UHGXFHV RYHUDOO FRPSOH[LW\ LQ HYDOXDWLQJ IHDWXUHV IURP &0 7KH FR RFFXUUHQFH IHDWXUHV H[WUDFWHG IURP WKH 5(78 SURYLGH








7KH VH[ DJH ZHOOEHLQJ IHHOLQJ DORQJ WKHVH OLQHV LQ WKH LQWHUHVW RI KXPDQ LV DFFXPXODWHG E\ RQORRNHU ZLWK
SHUFHSWLRQ,QIDFWQRWHZRUWK\UHVHDUFKRQWKHKXPDQIDFHKDVRFFXUUHGLQEUDLQVFLHQFHDQGLQWKHRWKHUFRJQLWLYH
VFLHQFHVHDUO\/DWHO\ WKHKXPDQFRUUHVSRQGHQFH UDQJHDSSOLFDWLRQVDUHHIIHFWLYHO\ WKLQN IURP WKHSHUVSHFWLYHRI
GDWD LQQRYDWLRQ $ UHDO REMHFWLYH RI GDWD LQQRYDWLRQ LV WR DWWDLQ SURJUDPPHG ,' RI SHRSOH XWLOL]LQJ PDFKLQHV
FRQVROLGDWHZLWKDKXPDQIDFHGDWDEDVHLQVXFKDSSOLFDWLRQV,WLVREOLJHGWRH[SODLQWKHLVVXHRIDJHGHYHORSPHQWRI
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DERYH PHWKRG >@ $JH EXQFK FKDUDFWHUL]DWLRQ RQ IDFLDO SLFWXUHV IRFXVHG DURXQG FUDQLDIDFLDO LPSURYHPHQW
K\SRWKHVLVDQGVNLQZULQNOHH[DPLQDWLRQ>@FRQVLGHUHGMXVWWKUHHDJHEXQFKHVEDELHVDGROHVFHQWJURZQXSVDQG
VHQLRUJURZQXSV7KHFRPSXWDWLRQVDUHFDUULHGRXWIRFXVHGDURXQGFUDQLDIDFLDOLPSURYHPHQWK\SRWKHVLVDQGVNLQ
ZULQNOH H[DPLQDWLRQ 7KLV WHFKQLTXH >@ LV PLQG ERJJOLQJ LQ QDWXUH DQG DFTXLUHG MXVW  RI ULJKW
FKDUDFWHUL]DWLRQ











@* 6 Q0XUWK\ HW DO>@ SURSRVHG D 7UDQVLWLRQ EDVHG )X]]\/%3 7)/%3 V\VWHP IRU WKH JURXSLQJ RI IDFLDO
SLFWXUHLQWRILYHDJHDPDVVHVDVNLG\RXWKIXOJURZQXSVPRGHUDWHO\DJHGJURZQXSVVHQLRU
JURZQXSV  DQG 6HQLRU VXEMHFWV !  7KH SUHFLVLRQ UDWH LV PRGHUDWH 'U 9 9LMD\D .XPDU HW DO >@
SURSRVHVDFUHDWLYHPHWKRGWKDWFKDUDFWHUL]HVKXPDQDJHDVVHPEOHLQWRILYHFODVVLILFDWLRQVLHWRWRWR
  WR  RU PRUH  IRFXVHG DURXQG WKH 7RSRORJLFDO 7H[WXUH )HDWXUHV 77) RI WKH IDFLDO VNLQ 7KH
FKDUDFWHUL]DWLRQ UHVXOWV DUHKLJK\HW LW JURXSVSLFWXUHV LQWRJDWKHULQJV MXVW0G=DKDQJLU$ORP>@SURSRVHGD
FDOFXODWLRQJURXSLQJRIDJHXWLOL]LQJ6XSSRUW9HFWRU0DFKLQH690DQG6HTXHQWLDO0LQLPDO2SWLPL]DWLRQ602
FDOFXODWLRQWKLVOLNHZLVHVKRZHGVLJQVRILPSURYHPHQWUHVXOWV\HWDJHJDWKHUVMXVWIRXU-6DVL.LUDQHVWLPDWHGWLPH
RI DUULYDO O SURSRVHG D WHFKQLTXH 6,&)5* >@ ,Q WKLV V\VWHP FUHDWH WKH FRHYHQW JULG IXUWKHUPRUH UHPRYH WKH




'XH WR WKLV UHDVRQ WKH SUHVHQW SDSHU DWWHPSWHG WKH WHGLRXV DQG FRPSOH[ WDVN RI FODVVLILFDWLRQ RI DJH LQWR VHYHQ
JURXSVEDVHGRQUDQNEDVHGHGJHWH[WXUHXQLWV5(787KHDJHJURXSVDUHFODVVLILHGLQWR
   DQG DERYH E\GHULYLQJ D QHZ FODVVLILFDWLRQ DOJRULWKPRQ WKH FRRFFXUUHQFH IHDWXUHV GHULYHG




7KH SURSRVHG 5(78&0 FRQVLVWV RI VHYHQ VWHSV 7KH EORFN GLDJUDP RI WKH SURSRVHG 5(78&0PHWKRG LV
VKRZQLQILJXUH7KHRULJLQDOIDFLDOLPDJHLVFURSSHG7KHFURSSLQJLVEDVHGRQSULQFLSOHRIFRYHULQJWKHRQO\IDFH
LVLQWKHILUVWVWHS)LJXUHVKRZVDQH[DPSOHRIWKHRULJLQDOIDFLDOLPDJHDQGWKHUHVXOWDQWFURSSHGLPDJH,QWKH
VWHS LI WKHIDFLDO LPDJHLVDFRORU LPDJHWKHQLW LVFRQYHUWHGLQWRDJUD\OHYHOIDFLDOLPDJHE\XVLQJ+69FRORU
PRGHO ,Q WKH WKLUG VWHS HGJH LPDJH LV REWDLQHG E\ FRQYHUWLQJ D î VXE LPDJH LQWR D î VXE LPDJH E\ XVLQJ
5RELQVRQFRPSDVVPDVNV,QWKHIRXUWKVWHSUDQNYDOXHVDUHDVVLJQHGRQWKHREWDLQHGHGJHLPDJH,QWKHILIWKVWHS
5(78DUHHYDOXDWHG,QWKHVL[WKVWHSFRRFFXUUHQFHPDWUL[&0LVIRUPHGRQ5(78,QWKHVHYHQWKVWHSVWDWLVWLFDO
































2.1. RGB to HSV color model conversion  
/DWH ZULWLQJ UHYHO GLIIHUHQW VKDGH PRGHOV LQ FRORU SLFWXUH WUDQVIRUPLQJ 6R DV WR FRQFHQWUDWH IDFLDO SLFWXUH
FKDUDFWHULVWLFVIURPFRORUSLFWXUHGDWDWKHSURSRVHGVWUDWHJ\XVHGWKH+69VKDGHVSDFH,QWKH5*%PRGHOSLFWXUHV
DUHVSRNHQWRE\WKUHHVHJPHQWVRQHIRUHYHU\HVVHQWLDOVKDGH±UHGJUHHQDQGEOXH7LQWLVDVKDGHSURSHUW\DQG
VSHDNVWRDSUHGRPLQDQWFRORU,PPHUVLRQLVDVWDWHPHQWRI WKHUHODWLYHLPPDFXODWHQHVVRU WKHH[WHQW WRZKLFKDQ
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ZKHUHWKHUDQJHRIFRORUFRPSRQHQW+XH+LV>@WKHFRPSRQHQWVDWXUDWLRQ6UDQJHLV>@DQGWKH9DOXH
9 UDQJH LV >@ ,Q WKLV ZRUN WKH FRORU FRPSRQHQW +XH + LV FRQVLGHUHG DV FRORU LQIRUPDWLRQ IRU WKH
FODVVLILFDWLRQRIIDFLDOLPDJHV&RORULVDQLPSRUWDQWDWWULEXWHIRULPDJHSURFHVVLQJDSSOLFDWLRQV
2.2 .Extraction of edge information from the facial image 
7KHSURSRVHG5(78RXWOLQHFUHDWHVWKHHGJHVLQWKHVHFRQGVWDJH'LIIHUHQWORZOHYHOYLVXDOIHDWXUHVHJVKDSH
WH[WXUHHGJHVDQGFRORUFDQEHFRQFHQWUDWHGDVDSUHSURFHVVLQJVWHSIURPWKHSLFWXUHV3LFWXUHHGJHVJLYHJUHDWGDWD











TXDOLWLHV RU VXEVWDQFH 7KH SURSRVHG 5(78 XWLOL]HV QHDUE\ HGJH RIIHUV DV WKH SUHSURFHVVLQJ VWHS 7KH SURSRVHG
WHFKQLTXH DVVHVVHV HGJH HPSKDVL]HV RQ WKH ZKROH WULPPHG IDFLDO SLFWXUH )RU DVVHVVLQJ WKH HGJHV WKH 5RELQVRQ
&RPSDVV HGJH DGPLQLVWUDWRU LV XWLOL]HG 7KH 5RELQVRQ &RPSDVV HGJH DGPLQLVWUDWRU JLYHV EHWWHU HGJH GDWD
IDYRXUDEOHHOHPHQWRIEHLQJOHVVGHOLFDWHWRFRPPRWLRQDQGFRQFHQWUDWHXQHTXLYRFDOGDWDDERXWHGJHVLQDQLPDJH
$Q\HGJHGHWHFWLRQPDVNVFDQEHH[WHQGHGE\ URWDWLQJ WKHP OLNHFRPSDVVPDVNVZKLFKZLOO DOORZH[WUDFWLQJ
H[SOLFLWLQIRUPDWLRQDERXWHGJHVLQDQ\GLUHFWLRQ5RELQVRQ&RPSDVVHGJHGHWHFWLRQLVDSSOLHGRQWKHIDFLDOLPDJH
WR VHJPHQW WKH HQKDQFHG ERUGHUV IURP WKH EDFNJURXQG LPDJH 7KH 5RELQVRQ HGJH GHWHFWRU DSSOLHV 5RELQVRQ
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2.3. Generation of RETU from Edge matrix 
7KH SURSRVHGPHWKRG H[WUDFWHG ORFDO LPDJH LQIRUPDWLRQ LQ WKH IRUP RI WH[WXUH XQLW IURP REWDLQHG î HGJH
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PDWUL[ DV UHSUHVHQWHG LQ ILJXUH  7KH REWDLQHG î HGJHPDWUL[ UHSUHVHQWV WKH VPDOOHVW FRPSOHWH XQLW DQG LW LV
GLIIHUHQWIURPXVXDOWH[WXUHXQLWWKDWLVUHSUHVHQWHGLQWKHOLWHUDWXUH,QWKHSURSRVHGPHWKRGDîVXEHGJHLPDJHLV





































2.4 .Generation of Co-occurrence matrices on RETU matrix 
*UH\ OHYHO FRRFFXUUHQFHPDWULFHV */&0DFTXDLQWHGE\+DUDOLFN >@ HQGHDYRUZLWKSRUWUD\ FRPSRVLWLRQE\
IDFWXDOO\ H[DPLQLQJ KRZ FHUWDLQ JUH\ OHYHOV KDSSHQ LQ FRQQHFWLRQ WR RWKHU JUH\ OHYHOV 2QH RI WKH VLJQLILFDQW
ZHDNQHVVHV RI &RRFFXUUHQFH0DWUL[ &0 LV WKH H[WHQVLYH VFRSH RI LWV FRQFHLYDEOH TXDOLWLHV  JUH\ YDOXHV
ZKLOH WKHVHYDOXHVDUHQRW UHODWHG ,W DGGLWLRQDOO\ UHTXLUHVPRUHFRPSXWDWLRQ WLPH$OO LQ DOO WKHPHDVXUHRI&0
UHOLHVRQXSRQJUD\ OHYHO OHYHO VFRSHRI WKHSLFWXUH7RGHFUHDVHJUH\YDOXHVRQSLFWXUHV IXUWKHUPRUH WRGLPLQLVK
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WRWDO RI  VDPSOH IDFLDO LPDJHV 6DPSOH LPDJHV IURP WKUHH JURXS LPDJHV DUH VKRZQ LQ ILJXUH  7KH5(78






3.1.Age group classification by the proposed algorithm using RETU-CM features 
7KHSURSRVHGWHFKQLTXHJURXSVWKHIDFLDOSLFWXUHVLQWRVHYHQDJHDVVHPEOHVWRWRWRWR
 WR   WR  DQG PRUH SURPLQHQW WKDQ  7KH IDFWXDO JLPPLFNV DUH FRQFHQWUDWHG IURP 5(78&0 RI
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3.2. Comparison with other Methods 
:KHQ FRPSDULQJ ZLWK WKH RWKHU H[LVWLQJ PHWKRGV WKH SURSRVHG PHWKRG VKRZV WKH EHWWHU UHVXOWV )RU
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